We survey the important problems in polymer viscoelasticity that impede progress in this field. These problems manifest themselves as spectacular anomalies in the viscoetastic data that have been reproduced in different polymers and in different laboratories, but have largely been put aside for lack of explanation. Without solving these difficult problems, there can be no satisfactory understanding of the viscoelastic properties of polymers spanning across the local segmental motion, the glass-rubber softening dispersion, the rubbery plateau and the terminal dispersion. The coupling model, which has general applicablity to various relaxation mechanisms of polymers and beyond polymers, is able to resolve all these problems.
INTRODUCTION
The coupling model (CM) [I-31 is a general approach to dynamics of constrained or interacting systems, shown to be applicable to many problems in different systems [4, 5] . Recent versions of the coupling theory are based on classical mechanics for systems that exhibit chaos caused by the anharmonic (nonlinear) nature of the interactions between the basic molecular units [2, 3] . For example, intermolecular interactions between monomr units in a polyrner modelled by the Lennard-Jones potential are highly anharmonic and give rise to chaotic dynamics [6] . Although a rigorous theory based on first principles is still at large, we are quite confident that the results of the CM are basically correct. This confidence is gained by (1) the results being borne out by simple models [2, 3] , (2) the many successes of the CM in its applications to a variety of challenging problems in several fields [4, 5] , and (3) the direct verification of the fundamental results by recent expe~irnents. The latter include quasielastic neutron scattering experiments in several polymers including polyvinylchloride [7] , polyisoprene and polybutadiene [S], very high frequency dielectric measurements for glassy and non-glassy ionic conductors [9, 11] and glass-forming molten salts [10, 11] , and molecular dynamics simulations of small molecule liquids [12] . The fundamental results of the coupling theory, which have remained unchanged since its inception liftteen years ago [I] , are restated here as follows. There exists a temperature insensitive cross-over time, t,, before which (t<t,) the basic units relax independently with correlation function t = exp(--)
(1) = 0 and afterwards (t>t,) with the slowed-down stretched exponential function where n is the coupling parameter whose value lies within the range Wncl and depends on the intermolecular interaction. In polymers such a cross-over has been observed by neutron scattering [7, 8] for segmental motion at t&2 ps. Continuity of the two pieces of the correlation function at t=t, leads to the important relation 1 -2 * = [tC-"2 (3) which links the effective (i.e. after cooperative dynamical contraints between the relaxing molecular units have been taken into account) relaxation time, 7 : to their independent (i.e. without taking into account of the cooperative dynamical constraints) relaxation time, 2,. It is useful to note that when considering macroscopic relaxation phenomena occuring at long times, the condition zdtc>>l holds. As a result, the linear exponential exp(-t&) has decayed by an insignificant amount at t=tc, and the correlation function $(t) is practically given at all times by the stretched exponential piece. These are general results which are applicable to different interacting systems and relaxing units with length scales as small as the local segmental motion responsible for the glass "transition" and as large as the entire polymer molecule or polymer cluster. The results, as written down in equations 1-3 and specialized to relaxation or diffusion of entire polymer chains, hold only for systems in which all the relaxation species and their 7,' s are the same. For the motions of the entire polymer chain, polydispersity (i.e. a distribution of chain lengths) introduces a distribution of the initial relaxation times, %is, and possibly even a distribution of the coupling parameters, n's, resulting in a distribution of z*'s. These additional complications further broaden the time dependence beyond that given by eq.3. The coupling model (CM) has been applied to different zones of viscoelastic response of polymers from some secondary relaxations, local segmental motion, the glass-rubber softening dispersion and the terminal relaxation [13-171. These applications have solved many previously puzzling problems in the different zones. As far as the authors know, no other model or theory has demonstrated such wide applicability to relaxations in polymers. We are certain that no current theory of polymer dynamics, except the CM, is applicable to problems in other systems including the glassy ionic conductors [4] . In this work we shall outline some of the oustanding problems in polymer dynamics in different viscoelastic zones and indicate how the CM has resolved them. Due to space restrictions, the discussion of most problems will be brief and refer to earlier works. The exception is the dynamics of terminal flow which we shall discuss in some detail because the results presented are new.
THE LOCAL SEGMENTAL MOTION (GLASS "TRANSITION")
In the past, theoretical studies of relaxational properties of glass-forming non-polymeric and polymeric materials, like most of the experiments carried out, were mainly confined to the long or macroscopic time regime (say >>I nanosecond). Starting from the days of R. Kohlrausch at Gottingen, nearly 150 years ago [18], much experimental data in the long time regime have been accumulated. The materials studied include a wide variety of molecular, inorganic, ionic, and polymeric glass-forming substances. The glass "transition" is a fundamental problem that remains in the frontier of basic research. Recently, particularly within the past five years, quasielastic neutron scattering (QENS), dynamic depolarized light scattering and high frequency conductivity measurements have opened up our knowledge of short time dynamics [7-121. The existence of a fast process (eq.1) at microscopic times t<t, and the crossover to a slow process (eq.2), now written as exp-(t lzi)'-"a , predicted by the coupling model (CM) was demonstrated to be in good agreement with QENS data of polyvinylchloride and other polymers [7] . Continuity of the correlation function at t, was observed, validating the relation between T~ and z* given by eq.3. Subsequently, similar agreement has been found in QENS spectra of polyisoprene and polybutadiene by Zorn et al. [8] . These neutron scattering experiments were performed with Q-vectors typically of the order of QSIA-', which correspond to length scales of the order of Q-'=IA. Hence, they probe the local segmental motion (LSM) responsible for the glass "transition" and venfy directly the fundamental premise of the CM for this local motion. Ancillary experimental data show that the Q and T (temperature) dependences of z, and z* are related according to eq.3. Moreover, the Q and T dependences of zo correspond to that expected of a simple local intramolecular motion of the polymer chain in the absence of intermolecular (interaction) coupling, consistent with the interpretation of the CM.
Mechanical, dielectric and photon correlation spectroscopic data of the LSM performed at long times or low frequencies have found that the correlation function invariably is well approximated by the Kohlrausch function (eq.2). The coupling parameter, n,, of the LSM in polymers changes with the chemical structure of the monomer unit. Polymers with chemical structures that have a larger capacity for intermolecular coupling tend to have a larger n, in accord with the physical meaning attached to n, in the CM. An individual polymer has its own glass transition temperature, T,, which can be defined operationally as the temperature at which its relaxation tirnez: (T,) equals an arbitrarily chosen long time, say 100 seconds. The temperature dependences of different polymers can be compared in a single plot of log[z:(T)]against a scaled reciprocal temperature T,/T. In this plot [19] , the individual curves of different polymers exhibit a pattern in which a polymer having a larger n, has a steeper dependence of 7: on TJT. This pattern is expected by the predictions of the CM [19] . For example, polystyrene (PS) has a bulkier phenyl ring attached to a carbon in the main chain while polyisobutylene (PIB) has a more compact symmetric backbone. The CM expects that n, of PS is larger than that of PIB. Experimentally, na(PS)=0.64 and na(PIB)=0.45, and 7: of PS has a stronger T,/T-dependence than PIB. Considering that the results of the CM are in agreement with both the short time and the long time dynamics, we are justified to conclude that a significant part of the physics of the glass "transition" of polymers has been captured.
THE GLASS-RUBBER SOFTENING DISPERSION OF ENTANGLED POLYMERS
For a high molecular weight polymer in which the chains are sufficiently long for them to entangle, the viscoelastic response measured in shear compliance J(t) that rises from the glassy compliance ~~1 0 '~ pa-' (glassy modulus ~,=10' Pa) and ends at the beginning of the rubbery entanglement plateau with J~=~o -~ pa-' (& =lo6 Pa) is referred to as the glass-rubber softening dispersion. The initial rise is due to the LSM discussed in the previous section. It turns out that the LSM can account only for an initial increase of J(t) up to J,, about 4 to 5 times J,, depending on the polymer [5, 20, 21] . The rest of the increase in J(t) is generally recognized to be due to the sub-Rouse modes [27] and the Rouse modes (R) generalized for undiluted polymers [22] . The Rouse modes are normal modes of a chain that are viewed as consisting of a sequence of Gaussian submolecules. In spite of it being oversimplified, the Rouse model plays an important role in polymer dynamics. The width of the softening dispersion, determined by the separation between the logarithm of the relaxation times .ti and z~ of the LSM and the Rouse modes respectively, varies greatly from one polymer to another. It is narrow for a polymer with a larger n, such as PS but much broader for a polymer with a smaller n, such as PIB. The viscoelastic data of PS in the glass-rubber transition is clearly not thermorheologically simple (TS) [5, . The breakdown of TS is caused by the fact thatz: increases much more rapidly with decreasing temperature than TR of the Rouse modes. The degree of breakdown of TS being higher in PS than in PIB [5, 26, 27] originates from the difference in the temperature dependences ofz: and z~ being more spectacular in PS than in PIB. The CM explains these facts by applying eq.3 to the LSM and the Rouse modes. While both modes, a and R have the same friction factor, <,(T), for their independent relaxation times, T,, and z,~, appearing in eq.1, their effective relaxation times have different friction factors 7: = (< (T))"('-"~) and Z,R = <,(I") (4) respectively. The latter result is based on the fact that Rouse modes in the softening dispersion are not subjected to entanglement interactions and their coupling parameters have zero values. We have shown earlier that this result readily explains the breakdown of TS observed in the softening dispersion [4, 5] . A polymer with larger n, will witness its 7: encroaching more towards the longer z ,~ as temperature falls, resulting in a narrower width of the observed softening dispersion. On the other hand, the encroachment of T: is less for polymers with smaller n, and consequently it has a broader softening dispersion. We know of no other model or theory that provides explanations of these experimental data that have been duplicated in several laboratories [23-251.
MSCOELASTIC ANOMALIES IN LOW MOLECULAR WEIGHT POLYMERS
It is well known that the steady state recoverable compliance, J:, of unentangled polymers obtained at temperatures sufficiently high above the glass transition temperature is remarkably well described by the modified Rouse model prediction: J: = 0.40(M IpRT), where M is the molecular weight and p the density. However, as the temperature is decreased towards T,, a spectacular viscoelastic phenomenon was observed in the recoverable compliance J,(t). The steady state recoverable compliance JeO decreases many fold. The effect grows with lower molecular weights. For example, in PS with M=3400 J z drops by thirty times the Rouse value as T, is reached [21] . This effect is found in other polymers including polypropylene glycol (PPG) [28, 29] and polymethylphenylsiloxane [21, 29] and hence is general. The relaxation time Z: of the LSM has a much stronger T-dependence than that of the Rouse time ZR measured by the product we0 where 11 is the viscosity. Dielectric relaxation data of PPG [29] have confirmed these findings. Only a few textbooks including the classic by Feny [22] mentioned this effect. Such a dramatic viscoelastic effect discovered a long time ago has only been rationalized by the CM [21, . Again, the fundamental cause lies in the difference between Z: and ZR (see Equation 4 ). The difference, and hence the effect, is reduced for polymers with a smaller coupling parameter n, such as PIB. This expectation is borne out by experimental measurements of PS and PIB with the same number of carbon atoms in the polymer backbones [30] . Here < is the friction of each bead connecting N identical segments each with mean square length equal to bZ, 5, is the monomeric friction coefficient which is related to < by <, , P=@ where P is the degree of polymerization, and the molecular weight M is proportional to N. The entanglement coupling parameter, n,, is equal to zero for modes whose wavelengths are shorter than than the entanglement distance. Such a crossover from Rouse dynamics to slowed-down dynamics was observed in Monte Carlo [31, 32] and molecular dynamics simulations [33] . Since the slowing down of the Rouse modes by the entanglement interaction involves a longer length scale compared with intermolecular interactions for LSM, we expect ( of entanglement coupling to be significantly longer than t, for coupling of LSM.
COUPLING MODEL FOR TERMINAL RELAXATION OF ENTANGLED POLYMERS
The continuity requirement of the correlation function cp,(t), given in two pieces by eqs 1 and 2 at t= f,, gives rise to the important relation Z; = (~-np~,)""-np' . Substituting the expression of zP for Z~ into eq 3, 
(which has time dependence as +(t) given by eq 2) was used to fit the hydrogenated polybutadiene (HPB) data of Raju et al. [34] . Good agreement with experimental data of a 1 . 8 4~1 0~ molecular weight HPB sample was obtained with nl=0.40. Such a value of nl in eq 6 leads to the product J:Gi = 2.04 which falls into the acceptable range found experimentally. The temperature dependence of T* in HPB and PE is Arrhenius with activation enthalpy, E,* . According to eq 5, the Rouse monomeric friction coefficient (, (T) has an activation enthalpy, Ea = (1n, ) E,* .The values of Ea obtained for HPB and PE are 4.2 kcdm01 and 3.6 kcaVmol respectively, which can be identified with the chain conformation energy barriers in these polymers. These results are supported by self diffusion data in the same polymers [16] . In spite of these encouraging developments, some of which are cited above, no further work was done to improve the model. The structure of the model was kept in its simplest form. In the past ten years, a plethora of experimental measurements of the terminal relaxation of monodisperse polymers have emerged to made its frequency dependence clear [35] . It has become evident that the low frequency side of the measured GW(o) peak is narrower than is predicted by eq 6 with n120.40. Dielectric normal mode relaxation measurements on high cis content polyisoprene (PI) have revealed [36-401 that the dielectric loss, ~" ( o ) , peak starting approximately one decade to the right of the peak frequency and down to the low frequencies is significantly narrower than originally predicted [13-171. However, the high frequency side of the &"(a) peak starting at approximately one decade higher than the peak frequency behaves like ~" ( o ) = o -~ with ~0 . 3 3 -0 . 3 0 is sufficiently dispersive to be consistent with np=0.40 to 0.45, provided contributions from the odd-number modes @=1,3,5, ...) are all included. At this time it is clear that the original version of the CM for terminal relaxation is inadequate. The purpose of this work is to locate the inadequacy of the original model, fix it by modifying the model to be consistent with the frequency dependence of the terminal relaxation, and show it is consistent with dielectric relaxation data of dilute probe PI chains in a matrix formed by very high molecular weight polybutadiene (PB) chains [41, 42] or in loosely cross-linked PB networks [43] . It was generally recognized by various workers that the topological constraints imposed by other chains in an entangled linear polymer melt are primarily lateral, running parallel along the chain contour [44-461, even before the reptation mechanism of DeGennes [47] and the tubefreptation model of Doi and Edwards [48] were proposed. The lateral constraints retard sustained motions transverse to the chain contour. Hence, each chain acts as if it were confined in a tube. The existence of a tube or lateral constraints (LC) restricting the free Rousean motion of a chain was confirmed by experiment [49] and should be incorporated into any theory of chain motion. Nevertheless, the actual manner in which the chains move is. still an open question. Certainly, reptation is a clear option but is likely to be the one that is most inefficient. This is because in resorting to reptation one has given up the consideration of other possible options in favor of .the tortuous diffusion of the chain along its own path. This is reflected in the predicted zero shear viscosity, , being too large and the recoverable compliance, J: , being too small compared with experimental observations [50] .
An alternate mechanism of chain motion is the constraint dynamics of entangled chains that follows from the general physical principle of the CM, i.e. crossover at t= ic from relaxation of Rouse-modes-in-a-tube to a slowed down relaxation. In earlier works [13-171, the effects due to the presence of LC had not been included explicitly into the formulation based on slowed down isotropic Rouse modes (see Eq.6).
However, LC were implicitly assumed because the plateau modulus, G i , was taken to be independent of molecular weight which is appropriate for an entangled linear chain liquid. Now, let us incorporate the LC explicitly into the consideration of the CM. We hasten to clarify that the basic mechanism of the CM continues to hold. The only change is to take into consideration the additional complication that arises when LC is included. We limit our discussion in this paper to dielectric normal mode relaxation of polymers whose monomer has a dipole moment parallel to the chain direction.
Starting at t= f c , the LC have the effect of slowing down the relaxation rate, T;', of the p-th
Rouse-mode-in-a-tube @>p,= Nm). According to the coupling model, the Rouse rate is slowed unchanged as time increases. The LC are provided by the surrounding chains whose motions cannot be ignored. The LC are mitigated as soon as neighboring chains that supply the LC move away. Therefore, the LC are not permanent as assumed in the previous works where n, in eq 2 was treated as a constant for all times o f c .
Instead, the LC have finite lifetimes, TLCM, which should be of the order of 7 ; . The end-to-end vector correlation function with the slowed-down Rouse-modes-in-a-tube from eq 2, acting as 'if the latter holds for all times with constant n,, is given by [36] 
u(o).r(t)>l<?> = g(t) = (8 I .R ') ( 1 / p 2 ) exp(-(t 17
) . (7) p. odd We can get an estimate of the lifetime of the LC or the lateral constraints mitigation time, 'TLCM, from which can be obtained numerically once the n,'s are specified. If there were z neighboring chains that define the LC and they are mitigated by the reorientation of any one of the z chains, ~L C M is then given by 
The solution is expected to follow closely cp,(t), the stretched exponential function with a constant np given by eq 2, for t> ?, until t is of the order of and larger than TLCM, after which cpyM ( t ) decays faster than cp,(t). The dispersion of the terminal dispersion, represented by
(u(o).r(t)>l<?>), = ~L C M (~) = (8 l n Z ) ( 1 / pz)cpFM(t). (1 1) p,odd
in the time domain or by its Fourier transform in the frequency domain, is narrower than the corresponding function by eq 8. The complex dynamic viscosity q* will be modified and the zero shear viscosity will be reduced. However, since c p y ( t ) tracks along with cpp(t) for times up to times of the order of7 *, (see insert in Figure I) , the molecular weight and time dependences of cp rM ( t ) (or gLcM(t)) remain the same as those of cp,(t) (or g(t) ) with the same n,, which has already been given by eq 5.
The CM at the present stage of development is at best a theoretical strhcture based on a physical principle CM [13-171 . This is possibly also true for the shear loss modulus peaks [16, 21] . Experimental dielectric normal mode data can be used to infer np(t). For example, parameterizing the time-dependence of n,,(t), cpFM ( t ) can be solved numerically and used to fit the dielectric loss data. In the process the parameters introduced are determined. In fig 1 we show the dielectric loss function of frequency, ~" ( w ) , calculated by taking the imaginary part of the integral [36] ,
-3 -2 -1 0 1 2 3 4 log ( f l Hz) where the end-to-end vector correlation function is given by eq 12, cprM (t) obtained by integration of eq 11 and np(t) is parametrized as np(t) = 0.45 for t < ti and np(t) = (0.45-n,)exp(-(t-ti)/^,,)+ n, for t > ti. In The value of 21 of the 140,000 PI at T = 273 K has been determined by Adachi and coworkers [36] to be 0.049 s. The relation between ZLCM, and TI*, given by TLCM, = 1.221*, is consistent with eqs.9 and 10.The result of the original CM without LCM calculated by eqs (8) and (13) with np equal to 0.45 is shown by the dashed line in fig 1 and it is significantly broader in dispersion. Comparison with the result calculated with the inclusion of LCM indicates how mitigation of the lateral constraints sharpen the dielectric loss peak to a narrower full-width-at-half-height less than 1.5 decades, in agreement with experiment. These calculations have included four modes, p=l, 3, 5, and 7. For comparison, a calculation of the original CM including a single p=l mode is also shown in fig 1 (+) .
There is an apparent resemblance of lateral constraint mitigation (LCM) to contraint release (CR) introduced into the Doi-Edwards tubelreptation (TR) model by Graessley [50] . However, the effect that LCM has in the CM is quite different from the effect of CR in the T/R model. CR results from the reptation of the neighboring chains that provide the tube constraints. It was proposed to reduce and increase J: predicted by the T/R model for monodisperse systems and to bring them into better agreement with experiment. Pure reptation predicts q oc M~.~ and although CR lowers the predicted values of viscosity it does not alter the exponent. As explained before, LCM does not change the M 21(1-n,) = M 3.4 molecular dependence of 7 ;. in the original CM either. However, as we shall see LCM in the CM and CR in the T R model predict different behaviors of dilute polyisoprene probe chains in very high molecular weight linear polybutadiene matrices and in loosely cross-linked polybutadiene matrices. These differences will be discussed in the next section.
Dilute polyisoprene probes in polybutadiene matrices
The inclusion of LCM in the terminal relaxation of monodisperse polymer melts improves the comparison of the shape of the dielectric loss peak of PI predicted by the new CM with experimental data. This is only a theoretical result which lacks an exact prescription of how the shape of a monodisperse entangled PI melt can be calculated from first principles. Thus, it would be hard to evaluate the merit of this new formulation of the CM for homopolymer melts had this been the only result that follows as a consequence. Fortunately, there are other immediate consequences that provides additional critical tests of the new CM. If LCM is important for a monodisperse homopolymer, then dilute amount of PI probes introduced in a matrix of a very high molecular weight PB or in a crosslinked PB matrix (henceforth these systems are referred to as PYhPB and PIIxPB respectively) will have their LC permanently in place for all Both groups have found for sufficiently long PI guest chains which entangle with the host PB chains that the loss curves &"(a) broadens with increasing MPB. The broadening is prominent especially in the high frequency side of the peak and appears to occur also on the low frequency side of the peak, although there is limited amount of dielectric loss data on the low frequency side due to the presence of conductivity contributions. In a fixed high molecular weight PB matrix, the dielectric relaxation times of PI were determined as 11(2nfm,) from the loss maximum frequencies f,,. After corrected for the differences in monomeric friction of the probe PI chains in the blends, the dielectric relaxation times, T, , , were found to have the M3. (8) and (13) of the original CM without lateral constraint mitigation so that np=0.33 is time independent. In fig 2 the calculated sum of the contributions of the odd modes, p=1,3,5 and 7 to &"(a) is shown, and it fits the experimental data well. The dispersion of the 27K-PII202K-PB data is slightly broader than that of the 49K-PY89K-PB. This trend is consistent with the ratio MPB/Mpl being larger and the suppression of LCM being more complete in the former than in the latter. Adachi and coworkers studied the dielectric normal mode relaxation of PI trapped in crosslinked natural rubber networks [52J and in PB networks [43] . The experimental data were reviewed by Adachi and Kotaka [36, 53] . The PB networks used were loosely crosslinked with the molecular weight between crosslinks M,>M,, where Me is the molecular weight between entanglements. The dielectric relaxation Consider first entangled concentrated PI solutions and melts. The tubelreptation model with or without configuration-independent constraint release (CICR) [42, 50, 54] or configuration-dependent constraint release (CDCR) [55] is still unsatisfactory in explaining the frequency dependence of dielectric loss &"(a). The shape of the ~o~(E"(o)/E"~,) versus log(f&,,) curve is broader than the T/R model without CICR or CDCR, especially in the high frequency tail where E" = f m with m = 0.30-0.33. CICR model was found to be qualitatively different from the dielectric data of PI in various PB matrices [56] . The CDCR model well-describes &"(a) for a I lo&, but underestimates the higher frequency dielectric loss tail by predicting that ~" = f '", which lies below the experimental &"(a) data of PI melts and solutions and PI in various PB matrices [56, 57] . The predicted M3.0 molecular weight dependence of the relaxation time ~,,=1/(2nf-) with or without constraint release is also at variance with the observed M~.~-~.~ dependence. In principle, inclusion of contour length fluctuations proposed by Doi into the T/R model can have a molecular weight dependence that resembles M~.~ dependence in some molecular weight range. However, Adachi and coworkers have ruled out the contour length fluctuation mechanism in fmding a M3 dependent relaxation time of the probe PI chains in matrices with extremely high molecular weight PI [36, 53, 57, 58] and PB chains. The original application of CM to the terminal relaxation proposed over ten years ago with a constant coupling parameter in the range 0.40S~~50.45 to explain the M~.~" .~ dependence of viscosity via eq 5 cannot explain the frequency dependence of the dielectric loss curves of PI melts and solutions either. The calculated &"(a) is too broad on the low frequency side of the peak, and also on the high frequency side but only in the vicinity of the peak (see fig 1) . Although, the fm-dependence with m = 0.30-0.33 of the high frequency tail of E" can be well explained by the original CM when all odd modes are included. The discrepancy of the original CM with experimental data could be described as if, on approaching the peak from the high frequency side, another mechanism starts to take over to reduce the dispersion resulting in a narrower loss peak. We have come to realize that this mechanism is the mitigation of the lateral constraints which must come into play at times of the order of the terminal relaxation time [59] that motion of an entangled chain is more facile along the general directions defined by the LC. However, the chain motion in the new CM is governed by the general principle of contraint dynamics modified by LCM. The motion of the chain is slowed down by the LC according to the prescription of the CM, but this slowed motion is still a better option for the chain than resorting to the most difficult motion of all, i.e. diffusion along its own contour or reptation. In other words, the presence of LC or even the existence of a tube of diameter as large as 3-5 nm does not necessary mean that the chain has to reptate. Forcing the chain to reptate leads to an untenable physical situation that cannot be made consistent with various experimental facts even if additional mechanisms such as constraint release and contour length fluctuation are augmented [36-4333,541. As we have shown, there is a better option given by the CM with inclusion of LCM.
Conclusion
Dynamics in polymers occur over an immense range of length scales from very local motions to motion of the entire chain. Mechanical spectroscopy (viscoelasticity) is the experimental tool that has a direct connection to practical problems in the application of polymeric materials. Many interesting physical phenomena have been discovered and there are plenty of opportunities for new effects to be discovered in this immense field where challenging problems abound. Molecular units are densely packed together and an understanding of their complicated motions require solutions of "many-body" problems of different length-scales in several viscoelastic zones. In this paper we have pointed out some of the outstanding and formidable problems in viscoelasticity of polymers that defy solution by many well known theoretical treatments. Remarkably, the coupling model has provided viable solutions to these problems as well as those in other fields. This is perhaps not surprising, because the coupling model is based on a physical principle that is generally applicable to densely packed interacting systems.
